The global framework for financing development, adopted in 2015, places great emphasis on mobilizing domestic resources to finance the Sustainable Development Goals, which include universal healthcare. In a recent paper Reeves et al. (2015) attribute progress towards universal healthcare to higher levels of taxation, but report a negative association between taxes on goods and services (indirect taxes) and health outcomes, which they hypothesise arises from the impact such taxes have on the real incomes of the poor. This paper revisits the relationship between tax types and health outcomes using the ICTD Government Revenue Dataset, which, crucially, isolates taxes from resource industries. As expected, we confirm increases in revenue are associated with increased public health expenditure; we find some weak evidence that greater reliance on direct taxes is associated with higher health spending and better outcomes, but no evidence that indirect taxes are deleterious to health. We argue these relationships cannot bear the weight of causal interpretation but that they offer some guidance on what to expect from increased domestic revenue mobilization.
Introduction
One of the major differences between the Millennium Development Goals framework which ran from [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] , and the successor framework of the Sustainable Development Goals (2016) (2017) (2018) (2019) (2020) (2021) (2022) (2023) (2024) (2025) (2026) (2027) (2028) (2029) (2030) , is the emphasis on domestic resource mobilization, or taxation. This was also reflected in the Addis Ababa Action Agenda, adopted by world governments at the Third International Conference on Financing for Development in July 2015, which positioned domestic resource mobilization (taxation) as the first item on its "action agenda". Raising tax revenues is widely recognised as critical to achieving the Sustainable Development Goals, and following many years of civil society activism and campaigning has now become an established priority for international development cooperation. 1 The strengthening of domestic resource mobilisation is the first of 19 SDG targets labelled as 'means of implementation'. A further target within the SDGs requires a reduction in the related phenomenon of illicit financial flows (cross-border movements of capital which are deliberately hidden because the transactions and/or the source of the capital is forbidden -e.g. individual or corporate tax evasion, the theft of state assets and the laundering of the proceeds of crime). This emphasis, and the public attention to the taxation of multinational corporations and of undeclared offshore wealth, reflects both the changed political climate since the global financial crisis of 2008 and also the work of a growing number of academics and civil society organisations -with the point made, often explicitly, that higher (direct) tax revenue will support better development outcomes. 2 In light of this policy emphasis, the empirical relationships between taxation, developmentoriented government expenditure, and development outcomes are of great interest: do the data support the idea that higher tax revenues will help deliver global development goals? The case of health seems a particularly clear one on the face of it. Additional domestic resource mobilisation can fund additional expenditure and so contribute to improved outcomes. As Gupta et al. (2015) note, the debate on universal health care has shifted from whether to pursue it, to how to achieve it -with growing support for public, pooled financing over private insurance or out-of-pocket spending.
The limited analysis to date of the question of whether curtailing illicit financial flows would support health progress has relied either on relatively mechanical use of historical relationships between tax revenues or GDP and mortality (O'Hare et al., 2014) ; or on simple correlations between illicit flow volumes and development outcomes (Spanjers and Foss, 2015) .
However, in a recent paper Reeves et al. (2015) investigate the relationships between revenue sources and health in developing countries and conclude that "tax revenue was a major statistical determinant of progress towards universal health coverage". They also report the striking result that whilst higher revenues from income taxes are associated with better health outcomes, there is a negative association between taxes on goods and services and health outcomes, which the authors attribute to these taxes reducing the real incomes of the poor.
There are other potential mechanisms via which inequality may affect health outcomes (Truesdale and Jencks, 2016) , but regarding the relationship between tax types and inequality Lustig et al. (2011) show that the 'conventional wisdom' about the relative progressivity of direct vs indirect taxes should not always be taken for granted -countries vary substantially. On the other hand, taxes can have a material impact on inequality and the real incomes of the poor (Piketty et al., 2014) .
A further mechanism via which taxes may affect health spending and outcomes is the political economy argument that taxes lead to political representation and better governance. confirm the average relationship between greater government reliance on tax, and stronger governance, which some studies (Mahon, 2005; Di John, 2006) have suggested is most powerful for direct taxes. If a more representative government might be thought more likely to spend a larger share of its revenues on health, then again higher levels of (direct) taxation might be more likely to support improved health outcomes, for a given level of national income.
This paper revisits these relationships in low-and-middle income countries using the ICTD Government Revenue Dataset, which provides improved coverage and accuracy in comparison to taxation data drawn from the World Development Indicators used by Reeves et al. (2015) . 3 An important attribute of the ICTD GRD data is that, where possible, it distinguishes between resource and non-resource taxes and other revenues. This is potentially important. Edwards (2016) uses natural geological variation to instrument for the relative size of the mining sector in an economy and finds that countries with larger mining shares tend to have poorer health and education outcomes than countries with similar per capita incomes, geographic characteristics, and institutional quality. We also refine the empirical model along some dimensions and elaborate on difficulties in the interpretation of statistical associations between taxation and other fiscal variables. In particular we draw attention to the problem of omitted variable bias when estimating the relationships between variables that form part of a budget constraint, as shown by Kneller et al. (1999) among others.
These data confirm that there is a positive association between health expenditure and taxes of all varieties. But in most countries taxes are the largest component of government revenue and this statistical association merely tells us that on average governments spend a share of their marginal revenues, from each component of revenue, on health. A potentially more interesting question is whether governments who make greater or lesser use of different tax types tend to spend more on health than would be predicted by their total level of taxation and other country characteristics. Following Reeves et al. (2015) we focus on direct and indirect taxes. We find weak evidence that greater use of direct taxes is associated with higher levels of public health spending.
Regarding the relationships between tax types and health outcomes, we find some fragile evidence that direct taxes are associated with better health outcomes, when controlling for a set of government and country characteristics. But we also find some evidence that taxes on goods and services are associated with better health outcomes, in sharp contrast to Reeves et al. (2015) , although again these relationships do not survive in all model specifications. We find no support for the idea that indirect taxes have a deleterious effect on health.
The interpretation of statistical associations in this context
In most empirical work, the possibility that explanatory variables are endogenous, perhaps because causality runs in both directions or perhaps because both the dependent and the explanatory variable of interest are driven by some omitted third factor, is usually of great concern. Much effort is often expended to identify sources of exogenous variation in the explanatory variable of interest, to permit causal inference.
It is possible to think of exogenous variation in revenues from various tax types, perhaps driven by external macroeconomic shocks or even international efforts to curtail tax avoidance by multinational corporations, and, for example, researchers might pursue an instrumental variables or natural experiment approach to isolate exogenous variation in revenues from different tax types and trace their average impact on health expenditure across countries. Otherwise the interpretation of statistical relationships between fiscal variables in empirical models that have been estimated on observational data must account for the fact taxation is a policy decision, and hence that a causal interpretation of estimated effects is usually unwarranted. The best that can be said of estimated statistical associations in observational data, between fiscal variables, is that they restrict the set of plausible hypotheses concerning government behaviour.
Obtaining estimates of how public health expenditure tends to respond to an exogenous increase in taxes on corporate profits, for example, would not tell us what mix of taxes governments tend to choose to finance desired increases in health expenditure, nor how revenues would be spent if a policy decision was taken to raise corporate tax revenues (which would depend on the motivation behind that decision). In the context of policy debates around health financing, the estimated average historical response of public health expenditure to exogenous changes in tax revenues across countries would reveal something about the preferences of the average government, which might give us some indication of how governments may be expected to spend the fruits of domestic mobilization efforts, if the past is any guide to the future. It would not tell us how governments who have made progress towards universal health coverage have tended to finance it, for example. This paper confines itself to revisiting and expanding on the relationships estimated in Reeves et al. (2015) but in general research in this area would benefit from more precisely articulated research questions coupled with an empirical strategy suited to identifying the effect in question.
An obvious likelihood in this context is that both expenditure and revenue choices are explained by third factors, such as government and country characteristics. For example, as countries get richer and their formal economies grow and informal economies shrink, direct taxes tend to account for a larger share of tax revenues and public health expenditure also tends to rise somewhat as a share of GDP, although in isolation income levels explains only a tiny fraction of health spending levels across countries (see Figure 1 ). In addition, both health spending levels and tax composition are likely to be affected by shifting international consensus positions -especially in developing countries. Since the 1990s, and seen most clearly in the Millennium Development Goals, there has been a growing prioritisation of health. At the same times, the 'tax consensus' that held sway through much of the last three decades (Cobham, 2007; Marshall, 2009; Baunsgaard and Keen, 2010; Bird, 2014) has promoted a switch from trade taxes to taxes on goods and services, and encouraged the relative neglect of direct taxes.
Another third factor that may drive both expenditures and revenues is business cycle frequency changes in economic activity. Fiscal policy is particularly pro-cyclical in developing countries: government expenditure rises during good times whilst overall taxes fall, as a share of GDP, although components such as taxes on profits may be more likely to be counter-cyclical (Talvi and Végh, 2005; Vegh and Vuletin, 2012) . These regularities may drive estimated relationships between taxation and expenditure, particularly when based on within-country variation in panel data, as in fixed-effects estimators.
As will be explained below, an empirical model of the relationship between tax types and health outcomes, estimated on observational data, must include control variables such as health expenditures and income per capita, to avoid omitted variable bias. The estim-ated coefficient on a tax type, capturing the relationship between that form of taxation and health outcomes holding health expenditure constant, would be of potential interest to a government that wishes to raise revenues to fund health spending and is considering alternative choices of tax type because, at the margin, it may be that certain taxes do themselves have an impact on health outcomes. But we should be careful not to misinterpret the estimated coefficient on a tax type in a health outcomes regression as summarising the estimated impact on health outcomes of using that tax type to finance higher health expenditures, because that entails increasing health expenditure, not holding it constant.
The importance of the government budget constraint
Taxation and expenditure variables form part of the government budget constraint. In the absence of measurement error, total expenditures must equal total revenues. Revenues include taxes, grants, various non-tax revenues (revenues from state-owned enterprises, licence fees etc.) and also net borrowing and seigniorage (or revenues from printing money). Over any given period of time:
where different categories of expenditure E are indexed by i, tax types T by j, non-tax revenues R by k and ∆B denotes changes in bonds and ∆M change in base money. If one expenditure category is regressed on all other elements of the budget constraint, the estimated coefficients would be 1 for revenues and −1 for other expenditures. Holding all else constant, a 1 unit change in any revenue component must be associated with a 1 unit change in the expenditure component in question (barring measurement error). At least one element of the budget constraint must be omitted from the estimating equation, to allow the coefficients to differ from 1.
However, interpretation of estimated coefficients is complicated because a number of different causal explanations, or data generating processes, may be consistent with the same set of estimated coefficients. Suppose, for the sake of illustration, total expenditure E (equal to total revenue R) is exogenously determined and all governments spend half of their revenues on health e 1 = 0.5 * E. Further suppose there are three categories of revenue, which all governments set in proportions r 1 = 0.2 * R, r 2 = 0.3 * R, r 3 = 0.5 * R. In such a world, an econometrician investigating the relationship between revenues and health spending by running an ordinary least squares regression would estimate coefficients that solve the following equation:
That equation has infinite solutions, but when some well-behaved statistical noise is added to simulated data, standard estimating procedures recover estimated coefficients of (ap-proximately) β 1 = 0.25, β 2 = 0.45 β 3 = 0.65. 4 Interpretations along the lines of 'all else constant, an additional dollar of r 3 on average raises e 1 by 0.65 dollars' or 'countries that make more use of r3 tend to have higher levels of e 1 ' are not warranted. Here the relatively high coefficient on r 3 merely reflects its proportionately greater use in the revenue mix. However, it is possible to generate similar estimates by assuming a data generating process in which countries tend to make proportionately less use of r 3 , but where countries with relatively high r 3 also tend to spend a higher share of total revenues on health. 5 So similar estimated coefficients are consistent with quite different processes for determining taxation and spending.
Statistical associations between taxes and expenditures, based on levels data, may also be a poor guide to marginal spending decisions. Countries with high levels of health expenditure and a certain mix of revenues, may have other priorities for the marginal tax dollar.
Because the existence of the budget constraint implies that changes in one component must be associated with changes in at least one other component, ignoring the existence of budget constraints when modelling the impact of fiscal variables on outcomes can lead to omitted variables bias, as shown by Kneller et al. (1999) among others.
Suppose an empirical model is estimated in which health outcomes are regressed on tax types, to investigate the hypothesis that regressive taxes have a negative impact on health by reducing the incomes of the poor, but health expenditure is omitted from the estimated model. The fact that taxes partially fund health expenditures will muddle the positive impact of health expenditure with the estimated impacts of the taxes. If regressive taxes do in fact have a negative impact on health, the estimated coefficient on those taxes would be biased upwards by the omitted (and correlated) positive impact of health expenditures.
However, if health expenditures are included in the model to avoid omitted variable bias, then estimating the impact of increasing one tax type whilst holding health expenditures constant implies either reducing some other source of revenue or increasing some other form of expenditure (because budget constraints have to add up). So estimates reflect the joint impact of the tax increase and these omitted offsetting changes. There is no way around this -it is the nature of budget constraints. As Kneller et al. (1999) show, ideally the components of the budget constraint which are excluded from the estimating equation should have no impact on the outcome being modelled, with the result that the estimated coefficients on the variable of interest are not contaminated by the omitted variable(s), which have zero impact by assumption. In this context, the model of health outcomes estimated by Reeves et al. (2015) excludes all other items of government expenditure (education, defence etc.) and other sources of government revenue (such as seignorage and borrowing). Some of these may be safely assumed to have no impact on health outcomes, but in other cases there are plausible effects on health outcomes. For example education spending may improve health outcomes whilst seigniorage may reduce the real incomes of the poor by creating inflation. However, it is only in cases where the omitted offsetting increase in expenditure, or decrease in other source of government revenue, has a negative impact on health that the model would be biased towards finding a negative impact of increasing any particular tax type, as reported by Reeves et al. (2015) . That does not seem very likely -it is it easier to believe the estimated coefficient on taxes are biased upwards.
Taxes and health expenditure
This section investigates two questions concerning health expenditure and taxation choices: how is public health expenditure financed? And, does the choice of tax types have any relationship with the chosen level of health spending?
To address the first question, we regress health expenditure on revenue variables, starting with total government revenues and then progressively disaggregating. All revenue variables are mutually exclusive, or non-overlapping, in the sense that it is possible change one variable whilst holding others constant. The variable 'other revenues' is a residual computed by subtracting the other included revenue variables from total revenues, so its constituents change from model to model. We take advantage of the ICTD GRD differentiating between resource and non-resource taxes and other revenues, and focus on the non-resource components of taxes. The goods and services tax data used by Reeves et al. (2015) , taken from the World Development Indicators, includes taxes on the extraction and production of minerals. Resource rents are dramatically different from other taxes on goods and services, both in terms of their incidence and in related political economy considerations that are likely to shape government behavior.
As discussed previously, the estimated coefficients on individual tax types in expenditure regressions must be interpreted carefully. A positive coefficient on direct taxes, for example, does not mean that countries with higher direct taxes tend to have higher levels of public health expenditure. The interesting null test is whether the coefficients on various tax types are statistically significantly different from each other, not whether they are non-zero, even if there are various possible explanations for differing estimated coefficients on tax types. If one regards revenue and expenditure decisions as separable, then governments will spend revenues in line with their preferences, whatever the source happens to be. Table 1 reports ordinary least squares estimates based on data averaged over five year periods. Although fixed-effects estimates would be feasible on these data, cross-section regressions are widely regarded as better suited to capturing average long-run relationships (Pesaran et al., 1996) and may also be more robust to measurement error the estimates based on within-country variation (Hauk and Wacziarg, 2009 ). The specification of dynamic models, which include lagged values of the dependent variable to generate convergence dynamics, can be difficult, especially in the presence of heterogeneity across countries (Pesaran et al., 1999) . Although we will report estimates from static fixed-effects models in following sections, further investigation of the dynamics of the relationships between taxes, health expenditure and health outcomes, may be a valuable avenue for future research (but is beyond the scope of this paper). The estimates in the first column of table 1 suggest that on average that a one percentage point increase in government revenues as a percentage of GDP (excluding borrowing and seigniorage) is associated with a 0.12 percentage point increase in public health expenditure. Column 2 splits revenues into non-resource taxes, total resource revenues (including taxes on resource industries) and grants. The estimates suggest that increases in resource revenues are associated with a much smaller change in public health expenditure whilst a greater proportion of grants tends to feed through into health (although the estimates also reflect the average share of resource revenues in total revenue). Note that total resource revenue data are only available for a small number of countries -column 1 was estimated on data from 128 countries, column 2 from 46 countries. Columns 3 and 4 disaggregate taxes into direct and indirect components. Column 3, which does not use the total resource revenue variable and hence is estimated on more countries, finds that a higher proportion of direct taxes are spent on health than indirect, and the difference between the two coefficients is statistically significant at the 1 per cent level. In column 4, which separates out resource revenues and grants, but is estimated on a smaller sample, the coefficients on direct and indirect taxes are statistically indistinguishable. Column 5 uses the same sample as column 4 but estimates the model in column 3; the results show that the contrast between columns 3 and 4, is explained by the sample not the choice of controls. The larger sample in column 3 contains many more poorer countries and some smaller middle-income countries. Table 1 does not shed light on the question of whether governments who make greater use of direct taxes tend to spend more on health than would otherwise be expected, because it estimates the relationship between revenue types and public health expenditure, as shares of GDP, at all levels of public health expenditure. The relationships between taxation and expenditure might depend on the overall level of expenditure (and revenue) as a share of GDP. Perhaps countries that manage to achieve the highest levels of expenditure tend to do so by raising direct taxes, whereas at lower level of expenditure gains tend to come from indirect taxes, and perhaps spending preferences for the marginal tax dollar also tend to change at different levels of expenditure. Again more careful analysis of heterogeneity could be a fruitful avenue for research, but it beyond the scope of this paper.
To investigate whether relatively high levels of health expenditure are associated with different revenue sources, we run regressions intended to ask whether countries that make relatively more use of direct taxes tend to spend more on public health than would be predicted by their total level of taxation, controlling for other country characteristics. Our variable of interest is the ratio of direct to indirect taxes, controlling for total tax revenue.
Although it remains to be tested, these specifications were chosen in hope of evading the problems with interpreting regressions of budget line items, either in absolute levels or as shares of GDP, as discussed above.
An alternative strategy would be to exclude total tax revenues and model the level of public health expenditure using a set of non-revenue variables (such as GDP per capita or indices of government quality) and introduce this ratio to such a regression. However the interpretation of the coefficients on these variables would be unclear, because they would undoubtedly be correlated with omitted revenue variables. There is a strong positive correlation between the ratio of direct to indirect taxes and the overall tax to GDP ratio: countries that make greater use of direct taxes tend to have higher tax to GDP ratios. In part this is because they tend to be richer, and richer countries tend to have higher tax takes. However the correlation remains even after controlling for real income per capita. Figure 2 shows the correlation between the direct/indirect tax ratio and taxes as a share of GDP, after controlling for the level of real GDP per capita. Hence we include the level of total taxes as a share of GDP in our regressions. The first column of table 2 shows regressions of public health expenditure on total revenues, disaggregated into non-resource taxes, grants and other revenues, much like the first columns in table 1. The residuals in such a regression could reflect the extent to which governments are spending more (or less) than average on health, given these revenue variables. Columns M2 then introduces non-revenue variables to explain this deviation from average health spending given revenues. It should be emphasized that this is not the same thing as explaining the level of expenditure, which is in great part determined by the level of revenues. The results indicate that there is a positive correlation between the direct/indirect ratio and higher than predicted levels of public health expenditure, but it is only statistically significant at the 10 per cent level. One hypothesis for how tax choices may influence spending decisions is by making government more accountable to citizens. Column M3 introduces variables from the World Government Indicators, and the voice and accountability index is positively associated with higher than predicted health spending, but the introduction of that variable does not much change the coefficient on the direct/indirect tax ratio. The final two columns introduce measures of inequality, which are potential candidates for a country characteristic that may partially explain both revenues and health expenditure levels. Column 4 uses the Gini coefficient for which data are more readily available, and the estimated coefficient on the direct/indirect tax ratio reduces in magnitude and loses statistical significance, consistent with the idea inequality explains both revenues and expenditures, but Column 5 uses the Palma ratio, a measure designed to better capture inequality between the rich and poor. 6 Here the direct/indirect ratio regains statistical significance at the 10 per cent level, despite the markedly smaller sample size. 7 So although statistical significance is low and fragile, there is weak evidence in crosssection that countries which make relatively more use of direct taxes also tend to have higher levels of public health expenditure, after controlling for total revenues and a set of country characteristics. This association in cross-section may be driven by unobserved country characteristics, and within-country variation can be exploited to control for such characteristics, providing these are time-invariant. Table 3 reports estimates from fixed-effects regressions, including country-specific time trends, in which the estimated coefficients on the direct to indirect tax ratio are no longer statistically significant at the 10 per cent level, although they remain positive. 8 But note that in some of these regressions even the level of taxation is found to have no statistically significant relationship with health expenditures, so despite using data averaged over five-year periods it may be that expenditure levels are not responsive to much in the short-run and that these associations only emerge over the long-run. 
Taxes and health outcomes
Tax experts, as exemplified by the UK's Mirrlees Review (Mirrlees and Adam, 2011) , emphasise that the system of taxation and expenditure must be considered as a whole, and that efficiency considerations suggest that progressive goals may sometimes be best served by a system that includes some regressive elements, for example consumption taxes that fund progressive expenditures (Mabugu et al., 2015) . Taxation is a dynamic problem. There is a strong positive association between real incomes and health outcomes, which suggests that a tax system conducive to economic growth may be instrumental to the achievement of healthcare goals. It could be that consumption taxes can have a negative impact on health outcomes by reducing the real incomes of the poor at any point in time, whilst at the same time being more conducive to economic growth and hence health improvements over the long run. If so, policymakers would face a difficult trade-off. Single-equation empirical models, as employed in this paper and by Reeves et al. (2015) , cannot tease out these relationships. Such questions are beyond the scope of the present paper, and it should not be presumed that orthodox thinking on the growth impact of taxes is correct. The point of this paragraph is merely that the relationship between taxes and health is complex and differs from shortrun to long-run.
There are many links in the chain between domestic resource mobilization, health expenditure and health outcomes (Filmer et al., 2000) . The efficacy of public health systems is the subject of much research (Wagstaff and Claeson, 2004; Rajkumar and Swaroop, 2008; Das and Hammer, 2014) and is beyond the scope of this paper, which concerns solely the possibility that taxes themselves may have a direct impact on health outcomes. Reeves et al. (2015) investigate various dimensions of universal health coverage. The first concerns the breadth of coverage, as measured by International Labour Organization (ILO) data on health coverage as a percentage of the population. Coverage is closely related to the level of public health expenditure, but differs because a government may, for example, deliver low coverage relative to spending levels by concentrating spending in better-off urban areas. 9 Column 1 of Table 4 shows that there is strong bivariate correlation between health coverage and public health expenditures, suggesting that on average a 1 percentage point increase in public health expenditure as a share of GDP is associated with health coverage being extended to 7 per cent of the population. Column 2 shows that conditional on the share of public health expenditure in GDP, more effective governments in wealthier countries tend to have higher levels of health coverage. The negative coefficient on the WGI index for voice and accountability is a puzzle. Column 3 shows that controlling for these variables, the ratio of direct to indirect taxes has a positive association with health coverage. There is no obvious direct channel whereby revenue choices would affect health coverage, 9 In these regression ILO coverage data is taken for the most recent available year whilst other variables are the most recent available five-year average. but possible explanations include both variables having something to do with the size of the formal economy or the extent of urbanization. Column 4 shows that adding inequality to the set of control variables does not alter this result. 10 Unfortunately sufficiently long time-series of coverage data are not available, to permit the use of fixed-effects regressions to control for time-invariant country characteristics. Table 5 investigates access to healthcare, as proxied by the proportion of pregnant women who receive at least 4 antenatal visits (columns 1 and 2) and the proportion of births attended by a skilled health professional (columns 3 and 4), both taken from the World Development Indicators dataset. Data are averaged over 5-year periods. 11 For reasons of space, results are presented in each case with the full set of controls used previously, first without revenue variables and then with. The ratio of direct to indirect taxes bears no relationship to antenatal visits but there is a positive statistically significant relationship with birth attendance. These same relationship are evident when estimated using withincountry variation to control for time-invariant country characteristics (results not shown) but they do not survive the inclusion of country-specific linear time trends, shown in table 6. Finally, we turn to the relationships between taxes and health outcomes, where Reeves et al. (2015) report the striking result that indirect taxes -taxes on trade, goods and services -have a negative relationship with health outcomes, which they attribute to the regressive nature of these taxes. Table 7 shows that in cross section the direct/indirect tax ratio is associated with better health outcomes (the coefficients are negative) but the relationships are not statistically significant. We use data that excludes taxes on the extractive industries, which may explain why our findings differ from those in Reeves et al. (2015) .
Data on health outcomes are available from 1995 and Reeves et al. (2015) base their estimates on within-country variation, using the fixed-effects estimator with clustered standard errors and including country-specific linear time trends. These have the advantage of controlling for time-invariant unobserved country characteristics which may explain health outcomes and be correlated with included variables, and the time trends may capture such things and technological improvements which may also be correlated with trends in tax types over time. The interpretation of these estimates is potentially complicated by business-cycle frequency changes in economic activity, taxes and health outcomes, although using 5-year averages and controlling for GDP per capita may mitigate such concerns. Table 8 reports results from fixed-effects health outcomes regressions, without the in- clusion of time trends, and shows that periods where direct taxes are relatively high are associated with better health outcomes (the estimated coefficient is negative) but these results are potentially explained by time trends in the data. Table 9 shows estimates when country-specific time trends are included in the model, and the direct/indirect ratio no longer has any explanatory power. The interpretation of these results is unclear. It could be that both direct taxes as a share of revenues has tended to rise over time whilst medical technology has improved, but it could also be that the inclusion of time trends demands too much of too few data points, and it could just be that we have insufficient data -notice that all almost variables lose statistical significance in these regressions and public health expenditure is sometimes estimated to be associated with worse health outcomes, which may be implausible. It is possible that we find no effect of tax types on health outcomes because we are using a ratio of aggregated measures of total direct and indirect taxes, whereas Reeves et al. (2015) use revenues at a more disaggregated level (the problematic inclusion of resource revenues notwithstanding). In table 10 we disaggregate direct taxes into taxes on non-resource corporate profits and individuals' income taxes, and indirect taxes into goods and services, imports and exports. Grants are includes separately, and 'other revenues' is a residual calculated by subtracting all separately included revenue categories from total revenues. Other revenues should include resource revenues. However data on taxes on individuals and trade are sparse, so to maximise sample size in odd-numbered columns these are left in the residual other revenues variable. Table 10 shows that in cross-section taxes on goods and services are consistently associated with better health outcomes, and taxes on individuals' incomes with worse. These results are diametrically opposed to the hypothesised mechanism in Reeves et al. (2015) whereby regressive goods and sales taxes reduce the incomes of the poor to the detriment of their health whilst direct taxes on relatively wealthy individuals have no such effect. We do not proposal any causal mechanism to explain these results but interpret them as correlates of omitted variables. Table 11 shows estimates based on within-country variation, but not including countryspecific time trends. The association between goods and sales taxes and better health outcomes survives, and the relationship with individual incomes taxes has switched signs so that these are now also associated with better health outcomes. But again, these relationships do not survive the inclusion of country-specific time trends, as reported in table 12, which is consistent with the view that time trends in health outcomes are associated wiht trends in revenues from goods and services, as a result of 'tax consensus' policy reforms. 
Conclusion
This paper has revisited the relationships between tax types, health expenditure and health outcomes as investigated in a recent paper by Reeves et al. (2015) . As expected, we confirm that higher tax revenues are associated with higher public health expenditures, and higher public health expenditure with better health outcomes. We find some evidence that greater reliance on direct taxes is associated with higher health spending than would be expected on the basis of total public revenues, and better health coverage and outcomes, but -contrary to Reeves et al. (2015) -no evidence that indirect taxes are deleterious to health. In fact, we find a positive association between goods and sales taxes and better health outcomes (although the estimates do not survive the introduction of time trends). We first considered the relationships between public health expenditure and various revenue components of the budget constraint, although the interpretation of these relationships is unclear and whilst they could reflect different propensities to spend on health related to revenue choices, they may also reflect revenue choices with no connection to spending choices. We find that a larger statistical association between direct taxes and public health expenditure than between indirect taxes and health spending, although the result depends on the sample used (table 1) .
Next we explored whether spending more on public health, conditional on total tax revenues, is associated with different sources of revenue, and show that in cross-section countries that make relatively more use of direct taxes also tend to have higher levels of public expenditure (table 2); although the estimated coefficients lose statistical significance once controlling for unobserved time-invariant country effects (table 3) .
We then turn to aspects of universal health care. There is a positive association in cross section between health system coverage and greater use of direct taxes (table 4) and with measures of health access (table 5) although the positive association with health access disappears once controlling for unobserved country characteristics (table 6) .
Finally, we looked at the relationship between revenue components and health outcomes. In cross section (table 7) , the direct/indirect tax ratio is associated with better health outcomes, but the relationships are not statistically significant. In fixed-effects regressions (table 8), the direct/indirect tax ratio is associated with better health outcomes, and the estimates are statistically significant; but the result is not robust to the inclusion of country-specific time trends (table 9) . Similarly, taxes on goods and services are associated with better health outcomes, although the result is again not robust to the inclusion of time trends (tables 10-12).
Our differing results from Reeves et al. (2015) may in part be explained by our use of ICTD GRD data which allows us to separate out taxes on the extractive industries and other resource revenues, and has stronger coverage and greater international comparability than other sources.
We do not propose causal mechanisms behind the results reported in this paper, which have many potential explanations. Statistical associations in observational data, such as those reported in this paper, cannot bear the weight of causal interpretations and hence only tentative policy conclusions can be drawn. The relationships we report offer some guidance to what may be expected from increased domestic revenue mobilization, in the sense that observed patterns are a point of reference. Had we found, for example, a negative correlation between greater use of direct taxes and public health expenditure, it would be harder to argue increasing direct taxes will contribute to the expansion of universal healthcare. The results therefore provide reasons to be cautiously optimistic about the benefits of greater international attention to the obstacles to raising direct taxes in developing countries, such as addressing the challenges of corporate taxation in the globalized economy. There is also nothing in the results we report to suggest that indirect taxes are inimicable to healthcare objectives.
